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A COMPOSITE REINFORCEMENT CORD FOR REINFORCING 
ELASTOMERIC ARTICLES 

Background of the Invention 

The invention is directed to a composite reinforce- 
ment cord and elastomeric articles having at least one 
reinforcement made from said cord. The composite cord of 
5 the present invention is similar to cords having a 
relatively weak core around which much stronger, 
inextensible yarns or cords are coiled, such that the 
composite cord has, initially, a low tensile modulus 
- which ahmaptly changes to a substantially higher modulus 

10 upon predetermined elongation of the cord. The cores 

of -Uie tire cords used heretofore are typically composed 
of either a low tensile material such as a single strand 
of cotton, rayon, nylon or polyester, v^ilch is readily 
breakable, or a vulcanized elastomeric material which is 

15 s-tretchable and allows ttie inextensible yams to uncoil 
and straighten out during the toroidal shaping and mold- 
ing of -ttie tire. 

The invention is directed to the provision of a 
composite, highly elongatable cord having a core \^ch, 

20 at room temperature xmder tension, has a barrier to 

elongation and elastic recovery. Further, -Hie core is 
composed of material that loses its tensile strength v^en 
subjected to high temperature during the molding and 
vulcanization operations so as to permit elongation of 

25 the yams wrapped arovmd the core. 

Briefly stated, one form of the invention resides 
in a composite cord for reinforcing elastomeric articles 
such as tires. The composite cord comprises a plurality 
of substantially inextensible yarns which are spirally 

30 wrapped around a core which has an elastic limit, at low 
elongation, sufficient to maintain the configuration of 
the cord during processing, but which loses its tensile 
strength during the molding and vulcanization of the 
elastomeric article to permit extension of the cord after 

35 being subjected to the temperature of vulcanization. 
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The composite cord of the present invention is 
particularly well suited for a high-speed radial tire 
having a belt structure which consists of a pair of belt 
plies that are reinforced with cords made of a high 
5 modulus material, for exanrple, brass-coated steel wires, 
and is designed to improve the handling and speed 
performance characteristics of .such a tire, by avoiding 
deformation of the tread which generally occurs at higher 
speeds, and to reduce the ply steer effect, i^e., the 
10 lateral forces on the tire at zero degree slip angle* 

The invention is also advantageiously used in tires with 
several or a number of belt plies which are reinforced 
with glass or aramid cords. 

Another form of the invention resides in a radial 
15 - tire having a belt structure comprising a pair of belt 

plies reinforced by cords. A carcass overlay is provided 
between the belt structure and carcass plies of the tire. 
The carcass overlay consists of a single ply with oppos- 
ing marginal edges which extend laterally beyond the belt 
20 structure. The carcass overlay is reinforced with 

composite cords which extend substantially circumferen- 
tially of the tire. The cords of the carcass overlay 
are inextensible when the tire is toroidally shaped and 
vulcanized, but elongatable in correlated relation to the 
25 . blow-up ratio of the tire from a generally cylindrical 
configuration to a toroidal shape. 

The e3q)ression "blow-up ratio", as used herein and 
in the claims, means the ratio of the overall diameters 
of the carcass plies, when the tire is fully molded and 
50 vulcanized in a toroidal configuration, and when the 
carcass plies are in a cylindrical shape on a tire 
building drum.. 

Full size radial tires have been built with highly 
elongatable cords in the belt plies for allowing the 
35 original unvulcanized tire to be built in a cylindrical 
shape, rather than the more conventional toroidal shape 
in which radial tires are normally built. Foldable spare 
tires of the bias-belted type have also been Taa,dei^<^<^\y^£\ 
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however, the same methods and constructions cannot be 
used to build a -reduced diameter tire of the radial type 
because of the horrendous problems created by the radical 
difference between the cord angles of the reinforcement 
5 cords of the radial carcass plies and the cord angles 
of the cords in the belt structure. The invention may 
be applied to a method of making and the construction of 
a stretchable radial tire which, when deflated, is as 
small as the foldable spare tires of the prior art. 
10 A modified form of the invention resides in a 

stretchable radial tire which is molded and vulcanized 
in a small, unstretched configuration and which is highly 
expansible upon inflation of the tire. This is made 
possible by the use, in the carcass plies and belt 
15 structure, of highly elongatable reinforc4ent cords 

previously discussed which initially have a relatively 
high modulus of elasticity and then after vulcanization 
a relatively low modulus of elasticity up to a 
predetermined elongation when the cords develop a 
20 relatively high modulus of elasticity and then after 

vulcanization of a relatively low modulus of elasticity 
up to a predetermined elongation when the cords develop 
a relatively high modulus of elasticity. 

25 Description of the Drawing 

The following description of the invention will be 
better understood by having reference to the annexed 
drawing, wherein: 

Pig. 1 is a section of an inflated tire mounted on 
a v^eel rim, illustrating certain uses of the composite 
cord of the invention and the tire being shown in the 
deflated condition in a chain-dotted line. 

Fig. 2 is a view of a composite cord made in 
accordance with the invention. 

Pig. 3 is a diagram illustrating the termoplastic 
behavior of the core of the composite cord of Pig. 2; 



30 



35 
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Fig. 4 is a stress-strain diagram of the composite 
cord of Fig. 2, prior to subjecting the cord to 
ten^eratures above 120^ C; and 

Fig* 5 is a stress-strain diagram of the composite 
5 cord of Fig. 2, after the cord has been suboected to 
temperatures up to 156° C. 

Fig. 6 is a section of another tire mounted on a 
wheel rim, the tire being in the inflated condition and 
made in accordance with the invention; 
10 Fig. 7. is a section of the tire and wheel rim, 

of Fig. 6 illustrating the unstretched tire in the molded 
shape of reduced diameter moimted on the wheel rim; 

Fig. 8 is a section of the tire of Fig. 6 shown 
in an alternative molded and vulcanized shape, prior to 
15 mounting on the wheel rim; 

Fig. 9 is an enlarged f3?agmentary plan view of. the 
belt plies and carcass plies of the vulcanized tire of 
Fig. 8 with parts being broken away to show the direction 
of the cords in the plies; 
20 Fig. 10 is a cross section of yet another tire made 

in accordance with the invention; 

Fig. 11 is a plan view of the tire of Fig. 10 with 
the tread removed to show the cord angle relationship 
between the reinforcement cords of the garcass plies, 
25 belt structure, and carcass overlay. 

Detailed Description 

Referring more particularly to Fig. 1, there is 
shown a tire 5 which is mounted and inflated on a wheel 
30 rim 6. The tire 5 comprises a fluid impervious innerline 
innerliner 7; at least one carcass ply 8, including a 
layer of reinforcement cords 9, adjacent the innerliner 
.7; and a tread 10 and pair of sidewalls 11 and 12 which 
surround the carcass ply 8 and terminate at a pair of 
35 annular metal beads 13 and 14, A belt structure 15, 

comprising a pair of superimposed belt plies 15 and 17 
is positioned between the tread 10 and carcass ply 8 to 
reinforce the tire 5. A carcass overlay, or belt^ 

OMPI 

WlPO ^ 
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10 



underlay 18, in the embodiment illustrated, is interposed 
; between the belt structure 15 and carcass ply 8. The 
tire 5 is preferably of the radial type herein the rein- 
forcement cords 9 of the carcass ply 8 are disposed at 
angles of from 75 to 90 degrees measured in relation to 
a plane containing the mid-circumferential centerline Of 
the tread 10, such plane hereafter referred to as the 
centerplane. The belt plies 16 and 1? of the tire 5 are 
reinforced with cords disposed at angles in the range 
of fir-om 16 to 24 degrees relative to the centerplane. - 
The cords of the belt plies 16 and 17 cross the center- 
plane in opposite directions. The cord angles of the belt 
plies 16 and 17 are the same, but lie in opposite • 
directions from the centerplane. The cord angles are in 
15 relation to a tire which is molded, vulcanized and 

uninflated. The tire 5 may also be of a radial type 
designed to be molded with a smaller diameter than the 
inflated tire, shown in a chain-dotted line adjacent the 
wheel rim 6, which is described in further detail 
20 hereinafter. 

Referring now to Pig. 2, there is shown a composite 
cord 20 .^ch is utilized to reinforce various components 
of the tire 5, e.g. the carcass ply 8, the belt structure 
15, or the carcass overlay 18. The composite cord 20 

25 comprises a core 21 with a spiral or helical wrapping of 

one or more substantially inextensible yams 22, 23-; 

The core 21 is of a low molecular weight polymeric 
material selected from the group comprising polyolefines 
including polyethylene and polypropylene. A particularly 

30 good core 21 was found to be a polymeric monofilament 

of polyethylene or polypropylene having a density in the 
range of from 0.9 to 1.0 grams per cubic centimeter 
(gr/cm ): The core 21 at room temperature may have an 
elastic limit of at least 2.5 kilograms and preferably of 

35 at least I.5 grams per denier (gr/dn), a breaking 

strength less than 20 kilograms,, and an initial modulus 
of elasticity of at least 25 grams per denier in the 
load range of from 0 to 2.5 kilograms. ^ 
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The core 21 is degradable at temperatures normally 
used to vulcanize rubber which are usually over 120** C. 
and in the broad range of from 120° C. to 150° , and 
in the preferred narrower range of from 130*^ C to 140° 
5 C. . After the core 21 is subjected to these elevated 
temperatures, the modulus of elasticity is reduced to 
4 grams per denier or less and reamins at the reduced 
amoimt when it is cooled to lower temperatures such as 
the outside temperatures at which a tire is used. The 

10 tenacity of the core 21 is also reduced to zero or a 

negligible amount of around 1 gram per denier after the 
core is subjected to these temperatures^ It is not 
entirely understood but it is believed the loss in 
tensile strength of the core 21 results from a partial 

15 or total loss of crystalline structure to induce 
molecular slips upon the application of stress. 

The core 21 described above consists of one filament; 
however, in some applications it may be desirable to have 
more than one filament, for example, three. The core 21 

20 may be coated with a rubberized compound before the yarns 



22,23 are woimd aroimd the core. It may also be desirable 
to use a stapled polymer monofilament similar to cotton 
filaments which is completely coated with a rubberized 
compotmd before it is incorporated into the cord 20 to 



The yams 22, 23 which are spirally wrapped in 
the form of of helix around the core 21, may be composed 
of any suitable reinforcing material which is used for 

30 conventional tire reinforcement cords having a tenacity 
of at least 6 grams per denier. Among these materials 
are rayon, nylon, polyester, aramid and steel. Each of 
the yams 22, 23 is formed of at least one strand that is 
composed of filaments which are twisted around each other. 

35 Yams 22,23, composed of one strand having a denier in 
the range of from 800 to 1500 and helically wrapped 
around the core 21 in either an S- or Z-direction at a 
rate of from 3 to 7 turns per centimeter, were ^^^--rrrr: — ^ 



25 



provide improved adhesion with the yarns 22, 23 of the 
cord. 
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successfully used to form a good composite cord 20 
which was elongatable between 50 percent and 100 percent. 
The yams 22, 23 may also be composed of a plurality of 
stpands which are cabled togeiiier, generally in a 
direction mAlIcTo. is opposite that which the filaments of 
each strand are twisted. 

Example of" a Composite Cord 

A good composite cord 20 comprises a core 21 v^ch 
is a monofilament that is composed of polyethylene having 
a density of 0.96 gr/cm^ at room temperature of about 
20-22** C. 

Two substantially inextensible yams 22, 23 are 
spirally wrapped aroxmd the center core 21 in opposed 
lay. The yams 22, 23 are each formed of a single, 1500 
denier strand which is composed of filaments of aramid 
twisted together. The twist in the individual strands 
or yams 22,23, in this case, is in a Z-direction at a 
rate of 2.5 turns per centimeter. The twist of the 
yams 22,23 aroimd the core 21 is in an S-direction at a 
rate of 6 turns per centimeter. Due to the mutually 
opposed lay of the yams 22,23 around the core 21, the 
yams 22,23 will, during elongation of the composite 
cord 20 after subjecting the core 21 to a temperature 
used for vulcanization, twist into a single twisted 
cord of the type conventionally used in the reinforce- 
ment of tires. .. ■ 

The polyethylene monofilament core 21 of this 
example has the following properties at room temperature: 
density 0.96 gr/cm^ 

diameter 0.50 mm 

breaking strength lo kg 

elastic limit " 9 kg 

Young modulus at 2.5 Ig 75 gr/dn 

elongation at elastic limit 17% 
elastic recovery at 3% elongation 90?^ 
denier I700 
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Ref erring to Fig. 3, tiie termoplastic behavior 
of -bhe polyethylene monofileannet core ZL is charted as 
a function of the breaking strenglii in kilograms vs. the 
temperature in degrees centigrade. More specifically, 
5 . Fig. 3 shows the breaking strength of the core 21, after 
5 minutes of heat treataaent at the respective 
temperatures. As can be appreciated from Fig. 3, the 
breaking strength of the polyethylene core 21 remains 
unaffected by the temperature up to about 122° C. at 
10 which temperature the breaking strength starts to 

decrease. By processing at higher temperatures the 
breaking strength of the core 21 is further reduced and 
at about 142° C. the breaking strength is reduced to 
substantially zero. Thus, it will be appreciated that 
15 the polyethylene monofilament core 21 will not lose its 

original tensile resistance during processing of the cord 

20, if it is not subjected to ten^jeratures above 120* C. 
On the other hand, it will be appreciated that the core 

21, when embedded in a tire 5, will, unlike cores of 
20 prior art cords, lose its tensile resistance during 

vulcanization of the tire which is normally carried out 
at about 150" C. 

Referring now to the stress-strain diagram of 
Fig. 4, the cord 20 with the polyethylene monofilament 
25 core 21 passes through three phases or stages. First, t 
there is an initial high modulus phase A-B which the 
cord 20 experiences as the core 21 stretches to the 
point where it loses its tensile resistance. Secondly, 
the cord 20 passes through a low modulus phase C-D where 
30 the inextensible yams 22,23 are stretched out and the 
tensile strength of the cord gradually increases. 
Thirdly, the cord 20 passes through the final, high 
modulus phase D-E where the uncoiled yams 22,23 are 
twisted and tensioned \antil they break at point E. 

It will be appreciated that the initial region 
A-B forms a barrier to appreciable elongation of the 
cord 20 for tensiles up to around 12 kilograms. 
Within this barrier, the cord 20 has a high modijlgfRnAar 
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and high elastic recovery. Thus, in consequence of this 
barrier, the cord 20 has sufficient strength to resist 
and recover from any tensional forces imparted to the 
cord during its processing or the processing of tire 
5 components reinforced with such cords, before the shaping 

and vulcanization of a tire composed of such components. 

A typical processing of the cord 20 includes 
mechanical and thermal stresses, the latter being 
experienced by the cord as it is exposed to temperatures 

10 of from 100° C. to 120° C. to dry the cord, after it 
has been coated with a resorcinol formaldehyde type 
adhesive for pormoting the bond between the cord and 
rubbery material used in the production of tires. 
Referring now to the stress- strain diagram of 

15 Fig. 5, the same cord 20 with the polyethylene monofila- 
ment core 21 has lost its tensile resistance after it 
has been subjected to 15 minutes of heat treatment at 
150° C. The elongation barrier A-B of the cord 20, when 
unheated, as seen in Fig. 4, substantially disappears. 

20 There is only a low modulus substantially linear region 

A'-D^ corresponding to the high elongation of the cord 
20 as the yams 22,23 stretch out, and then a high 
modulus phase D*-E* corresponding to the extension of the 
twisted yarns. 

25 It will be understood that with the cords 20 of the 

present invention a:- relatively high elongation may be 
easily obtained. It takes relatively little effort or 
work to stretch out the cords 20 to their full extent, 
becuase the core 21 offers little or no resistance to 

30 the stretching out of the individual yarns 22, 23, of eac 

each cord after being subjected to temperatures 
normally used for vulcanization. 

Thus, it can be appreciated that the composite 
tire cord 20 of the invention provides a substantial 

35 advantage over prior art composite cords in that it has 

an initial, elastic, high modulus elongation barrier 
providing sufficient resistance and recovery of the 
cord with respect to any processing tensions experienaed.. 

f QV-PT _ 

\ . " wi ur\ 
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by the cord before shaping and vulcanization of the tire, 
whereas after vulcanization of the cord has no such 
barrier and may be elongated with a minimum of effort. 
The composite cord 20 of the invention is 
5 particularly wfell suited for use in a radial spare tire, 
illustrated in Fig.' 6, wherein there is shown an expand- 
able, spare radial tire 105 mounted on a wheel rim 106 
in the inflated extended condition. The spare radial 
tire 105 essentially comprises a fluid impervious inner- 
10 liner 107 disposed within a plurality of carcass plies 

108,109 which are reinforced with parallel cords 110,111; 
a tread 112 and pair of sidewalls 113, 114 surrounding 
the carcass plies 108, 109 and terminating at a pair of 
annixLar inextensible cable beads 115, 116 comprising 
15 cabled wires. A belt structure 117, consisting of a 

pair of superimposed belt plies 118, 119 is interposed 
between the tread 12 and radially outermost carcass 
ply 109. 

As shown in Fig. 9, the belt plies 118,119 are 
reinforced with parallel cords 120,121 which cross and 
extend in opposite directions from a plane CP containing 
the mid-circumferential centerline o"f the tread 112. 
The reinforcement cords 120,121 of the belt structure 
117 are disposed at angles a and b in the broad range of 
0° - 30° and preferably the narrower range of 10° - 25° , 
measured relative to the centerplane CP when the tire 
is vulcanized and deflated. The reinforcement cords 
110,111 of the carcass plies 108,109 are radially 
oriented between the tire beads 115,116, i.e., they • 
are disposed at angles d in the range of 75" - 90° 
measured relative to the centerplane. The rubber materia 
material of the carcass plies 108,109 and belt plies 
118,119 is preferably a soft, low modulus compoxmd having 
a modulus of elasticity smaller than 15 MPa (Mega 
35 Pascal) or 150 kp/cm^ and preferably smaller than 10 
MPa or 100 kp/cm^ at 100 percent elongation. 

pxe reinforcement cords 110,111 of the carcass plies 
108,109 and 120,121 of the belt structure 117 have.. the 
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same struciiure as composite cords 20 illustrated as 
best seen in Fig. 2, each characterized by having a 
relatively high modulus of elasticity during the 
processing of the cord and the building of the tire. 
After the cords are subjected to vulcanization 
temperatures, they develop a low modulus of elasticity 
and are highly elonga table up to a predetermined length 
when they again develop a high modulus of elasticity 
and have a high resistance to elongation. The core 21 
of cord 20 provides the cord strength to maintain the 
inextensible yam 22,23 in helical relation during any 
processing of the cord such as dipping, calendering, or 
building of the tire 5- 

The expandable spare radial tire 105 may be built 
by placing the aforementioned components 107-121 on a 
conventional cylindrical tire building drum, to build 
an unvulcanized tire 105 which is axially smaller than 
normal. The imviolcanized tire 105 is then shaped, molded 
and vulcanized in the radially smaller than normal 
operating configuration illustrated in Fig. 8 where the 
tread 112 and upper sidewalls 128,129 are generally 
cylindrical and the remaining, major portions of the 
sidewalls 113,11^ diverge from the tread 112 in directions 
away from the centerplane CP of the tire 105. Alter- 
natively, the unvulcanized tire 105 can be molded and 
vulcanized in the deflated configuration with the 
sidewalls 128,129 generally U-shaped as illustrated 
in Fig. 7. 

The vulcanized spare tire 105 is then moimted on 
the wheel rim 105 as best seen in Fig.' 7, where the 
outer diameter of the tire is adjacent the wheel rim 106. 
After vulcanization the core 21 of each of the cords 110, 
111, 120 and 121 has a reduction in tensile strength of 
from 10 kilograms to zero or a negligible amount and 
consequently the modulus of elasticity of the cords is 
greatly reduced. This permits stretching out of the 
yaras 22,23 so that upon inflation with air, the spare 
tire 105 stretches toroidally to a regularly slzed^^^x^rr--^ 
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which the spare tire 105 is designed to replace* The 
cords 110,111, 120 and 121 develop a high modulus of 
elasticity when the yarns 26,27 are stretched out a . 
predetermined amount at vtoich point the tire 105 is 

5 expanded to the size of a regular tire. The cords 
110,111,120 and 121 therefore provide the necessary 
reinforcement for the inflated expanded tire. 

It should be apparent from the above descril^ion 
that during vulcanization, the core 21 degrades and 

10 the elongation barrier A-B of Fig. 4 disappears. 

Therefore, after vulcanization, the tire 105 is easily 
expanded to its normally inflated and manning condition 
as the yams 22,23 are readily elongated and twist into 
twisted reinforcing cords. 

15 Thus, there has been described an expandable spare 

radial tire when, upon inflation with air, is stretchable 
from a deflated storage position on the wheel rim to an 
expanded condition where the spare tire resembles, in 
size, the tire it is replacing on the automobile. 

20 The composite cord 20 can also be utilized in 

the carcass overlay as sho^/m in Figs. 110. With 
reference to Fig. 10, there is shown a tire 205 having a 
carcass overlay 218 made from the composite cords 20. - 
The tire essentially comrises: a fluid impervious irnier- 

25 liner 206; at least one carcass ply 207 surrounding the 
innerline 205; a tread 108 and pair of sidewalls 209,210 
surrounding the carcass ply 207 and terminating at a pair 
of annular, inextensible beads 211,212; and a belt 
structure 213 interposed between the carcass ply 207 

30 and tread 208, 

The carcass ply 207 (Fig. 10) is reinforced with 
parallel cords 214 which are radially oriented, i.e. 
disposed at angles A in the range of from 75 to 90 degree 
degrees measured in relation to a plane CP containing 

35 the mid-circumferential centerline of the tread 208, 
The reinforcement cords 214 of the carcass ply 207 is 
composed of any suitable material, e.g., rayon, polye ster , 
glass fibers, aramid, or metal. /"""''cmF • ' 
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The belt structure 213 (Fig. 10) comprises two 
belt plies 215 , 216'. -which are in superimposed relation and 
reinforced, respectively, -with parallel cords 217,218 
that are disposed at angles B,D greater than 15 degrees 
5 and preferably in the range of from 15 to 30 degrees 

measured from the centerplane. The reinforcement cords 
217,218 of the two belt plies 215,216 extend in different 
directions from the centerplane, although the cord angles 
of -Hie reinforcement cords 217,218 are generally the same 

10 in this embodiment are both arovmd 20 degrees. The 

reinforcement cords 217,218 of the belt structure 213 
are inextensible and composed of any suitable material 
such as aramid, glass, or metal, e.g. preferably brass- 
coated steel wire. 

15 A belt underlay, or carcass overlay 220 is inter- 

posed between the belt structure 213 and carcass ply 
207. The carcass overlay 220 is adjacent to the carcass 
ply 207 and has lateral marginal edges 221,222 which 
extend beyond the belt structure 215 into the side-walls 

20 209,210 of the tire 205, but terminate short of the 

maximum flex zones, or areas 223,224 of the sidewalls 
209,210. The maximum flex zones 223,224 are normally at 
the thinnest sections of the sidewalls 209,210. The 
maximum flex zones 223,224 are normally at the thinnest 

25 sections of the sidewalls 209,210 of the tire 205, such 

sections usually being at about the maximum width or 
section diameter SB of the tire 205. The carcass over- 
lay 220 (Fig. 10) consists of a single ply which is 
reinforced with parallel cords 225 that extend substan- 

30 tially circ\;ffliferentially of the tire 205, i.e., at cord 

angles E in the range of from 0 to 13 degrees relative 
to the centerplane. The carcass overlay 220 has no 
effect on ply steer, i.e., the tendency of the tire 
construction to move the tire in a lateral direction, 

55 -when the reinforcement cords 225 thereof are at very 1o\t 
angles of about zero degrees. The carcass overlay 220 
has a decided effect upon "the reduction of ply steer 
v/hen the reinforcement cords 25 are disposed at an^r^^"""- 

OMF- 
V'^T'Pdx. A TI , 
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of 4 degrees or more, and preferably around 8 degrees 
which seems to be the optimum cord angle for eliminating 
ply steer without seriously affecting the restrictive 
effect of the low angle reinforcement cords 225. Thus, 
5 the preferred cord angles of the reinforcement cords 225 

are in the more selective range of from 4 to 13 degrees 
relative to the centerplane/ The reinforcement cords 
225 of the carcass overlay 220 extend in the same general 
direction from the centerplane as do the reinforcement 

10 cords 217 of the nearest belt ply 215. 

The tire 205 is built by flat building a band of 
the carcass 207 and the carcass overlay 220 by \^apping 
the carcass ply 202 and the overlay 220 successively 
• around a cylindrical tire building drum. This band, 

15 when removed from the drum has a cylindrical shape wherein 

the reinforcement cords 225 of the carcass overlay 220 
are elongatable in corresponding relation to the blow-up 
ratio of the tire. This band is then shaped to a toroidal 
configuration for receipt of the belt structure 213, 

20 whereafter the tire 205 is molded and vulcanized. The 

reinforcement cords 225 of the carcass overlay 220 are 
substantially inextensible , when the band is fully 
shaped in the toroidal configuration and when the tire 
205 is completely molded and vulcanized. 

25 An appropriate cord 225 for the reinforcement of -the 

carcass overlay 220 is of the composite cord 20 type 
illustrated inFig. 2 and described hereinafter. The 
cord 225 is comprised of 4 yarns which are woimd 
continuously at 5.5 turns per centimeter around a 0.5 

30 millimeter diameter cotton core of 2.5 kilograms tensile 
at break, each of the yams being composed of filaments 
of nylon twisted together at a rate of 5 turns per 
centimeter to form a yarn of 840 denier, the overall 
cord diameter being 1.2 millimeters. Another example 

35 of a reinforcement cord 225 is one having a 0.5 millimeter 

cotton core with a spiral wrapping of 2x1500 aramid 
yarns at 6 turns per centimeter, the ovei^all cord 
diameter being 1.2 millimeters. ^^<crro^ ^ - 
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A cushion 229, composed of a separate layer of 
soft, highly resilient, rubber material is, preferably, 
positioned between the carcass overlay 220 and nearest 
belt ply 215. The rubber material of the cushion 229 
5 should have an elasticity, defined at 100 percent 
elongation, which is at least 100 grams per square 
millimeter less than that of the rubber material of the 
carcass overlay 220 and nearest belt ply 215. 

It has been found from the typical stress-strain 

10 plots of the cords that a large variety of passenger 

tire sizes with blow-up ratios in the range from 155-195 
percent can be made by using a cord of the present 
invention with elongation in the range of 70-90 percent. 
This is, therefore, a preferred range of elongatability 

15 for this particular type of tire with the aforementioned 
blow-up ratio. It will be obvious that without leaving 
the scope of this invnetion, other such preferred ranges 
can be easily fotmd by one skilled in the art for other 
tire sizes with other blow-up ratios. 

20 Thus, there has been described a radial tire having 

a tv70-ply belt structure in combination with a special 
carcass overlay for achieving highly improved high-speed 
characteristics. Further, a resilient cushion of rubber 
can be provided between the carcass overlay and belt 

25 structure to provide an uncoupling action between these 
two components and to facilitate reorientation of the 
cords during the molding and vulcanization of the 
tire. Any of the aforementioned cord angles are in 
relation to a fully molded and vulcanized tire which is 

30 xminflated. 

Thus, it can be appreciated that all of the 
reinforcement cords used in rubber articles, e.g. tires, 
can be of the composite type, as described or in 
individual components of the tire, such as the belt, 

35 structure, carcass structure or carcass overlay. 
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Thus, "there has been described various tire 
constructions that are reinforced with composite cords 
composed of substantially inextensible yarns which are 
spirally wrapped aroimd a core of polyethylene or poly- 
propylene that loses its tensile strength during the 
molding and vulcanization process, thereby allowing 
elongation of the composite cores as the individual 
yarns stretch out. 

It will be clear that the cord of the present 
invention may also be used in articles other than tires 
without departing from the scope of the present 
invention. 
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Claims 



1. A composite cord for reinforcing an elastomeric 
article, said cord comprising at least one high tenacity 
substantially inextensible yarn spirally wrapped around 
a core, said core including at least one filament having 
5 at room temperature an elastic limit of at least 2.5 

kilograms and a modulus of elasticity greater than 25 
grams per denier to resist and recover from tension 
forces on the cord during the processing of said cord and 
elastomeric article and said core having a reduction in 

10 tenacity after being subjected to temperatures normally 
used during vulcanization of rubber to permit stretching 
out of said yam when said core is cooled to allow for 
elongation of the elastomeric article and then 
reinforcing of the article in the elongated condition 

15 when said yam is stretched out. 

2. The composite cord for reinforcing an elastomeric 
article of claim 1, said elastomeric article comprising 

a tire having at least one part reinforced with a 
20 plurality of said composite cord. 

3. The composite cord for reinforcing an 
elastomeric article of claim 1 or 2 wherein said temper- 
atures normally used during vulcanization are in the 

25 range of 120° C. to 150° C. 

4. The composite cord for reinforcing an 
elastomeric articl'e of claim 1 or 2 wherein the core of 
said cord is composed of a polymer of the group consist- 

30 ing of polyolefines. 

5. The composite cord for reinforcing an 
elastomeric article of claim 4 wherein said polyolefines 
include polyethylene and polypropylene. ^^-"SiJ^EAiT 

O.MPI 
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6. Tlie composite cord for reinforcing an 
elastomeric article of claim 1 or 2 wherein the core of 
said cord is a monofilament. 

?• The composite cord for reinforcing an 
elastomeric article of claim 1 or 2 wherein the core of 
said cord has an elastic limit of at least 1.5 grams per 
denier before being subjected to said temperatures nor- 
mally used during vulcanization. 

8. The composite cord for reinforcing an 
elastomeric article of claim 3 wherein the core of said 
cord has said reduction in tenacity at a temperature in 
the range of from 130° C to 140"* C. 

9. The composite cord for reinforcing an 
elastomeric article of claim 1 or 2" wherein said yarn 
of said cord is composed of at least one twisted strand 
which is composed of filaments of reinforcing material, 

10. The composite cord for reinforcing an 
elastomeric article of claim 9 "wherein said yarn of said 
cord is composed of said strand cabled together with 
other strands* 

11. The composite cord for reinforcing an 
elastomeric article of claim 9 wherein said strand has a 
denier in the range of from 800 to 1500. 

12. The composite cord for reinforcing an 
elastomeric article of claim 1 or 2 wherein a second 
substantially inextensible yarn of high tenacity is 
spirally wrapped around said core of said cord in opposed 
relation to said first yarn so that after said reduction 
in tenacity of said core and elongation of said cord 
said first and second yarns will twist together. 
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13. The composite cord for reinforcing an 
elastomeric article of claim 1 or 2 wherein said yam 
of said cord is wound around the core in the range of 
from 3 to 7 turns per centimeter and said cord is 

5 elongatable between 50 percent and 100 percent. 

14. A composite cord for reinforcing an elastomeric 
artxcle, said elastomeric article comprising a stretchahle 
tire, said stretchable tire comprising: 

^^^^^ carcass ply reinforced with 
radially oriented cords disposed at angles in the range 
Of from 75-90 degrees relative to a centerplane containing 
the mid-circumferential centerline of the tread of the 
tire, when the tire is molded, vulcanized and unlnflated, 
said cords of said carcass ply being highly elongatable 
m an amount of from 50 to 100 percent to allow for 
toroidal expansion of the tire; 

(b) a fluid impervious innerliner disposed within 
said carcass ply; 

20 (c) a tread an pair of sidewalls surrounding said 

oarcass ply and tenninating at a pair of annular beads- 

(d) at least one belt ply of cords interposed 
between said carcass ply and tread for annularly rein- 
forcing the tire, said cords of said belt ply being dis- 

25 posed at angles in the range of from 0-30 degrees 

measured from said centerplane, and also being highly - 
elongatable in an amount of from 50 to 100 percent to 
allow for- circumferential expansion of the tread upon 
inflation of the tire; 

^° ^^^^ °^ said reinforcement cords of said 

oarcass ply and said belt ply consisting of a central 
core and at least one inextensible yam spirally wrapped 
around said core, the tensile strength of said core 
being sufficient to maintain said inextensible yarn in 
helical relation during building of the tire; and 

(f) said core being of a material having a 
substantial reduction in tensile strength when subjected" 
to temperatures of vulcanization of the tire to i^^gl^ 
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elongation of said yarn after the tire is vulcanized. 

15, The composite cord for reinforcing an 
elastomeric article of claim 14 wherein said core of 
said cord is composed of a polymer of the group of 
5 polyolefines. 

16.. The composite cord for reinforcing an 
elastomeric article of claim 14 wherein said polyole- 
fines include polyethylene and polypropylene. 

17. The composite cord for reinforcing an 

10 elastomeric article of claim 14 wherein said inexten- 

sible yam of said cord consists of at least one twisted 
strand composed of filaments of material of the group of 
rayon, nylon, polyester, aramid and steel. 

18. The composite cord for reinforcing an 

15 elastomeric article of claim 14 wherein said stretchable 
tire includes two carcass plies reinforced with radially 
oriented cords,- and two belt plies of cords between the 
tread and radially outermost ply of said carcass plies, 
said cords of said belt plies crossing and being 

20 disposed at identical cord angles measured in opposite 
directions from said centerplane. 

19. The composite cord for reinforcing an 
elastomeric article of claim 14 wherein said cords of 
said carcass ply and belt ply are each characterized 

25 after vulcanization by an initial low modulus of 

elasticity and high elongation and subsequent high 
modulus of elasticity and low elongation after said cords 
elongate a predetermined amount. 

20. The composite cord for reinforcing an 

30 elastomeric article of claim 14 wherein said cords of 
said carcass ply and belt ply are embedded in rubber 
material having a modulus of elasticity less than 150 
kp/cm at 100 percent elongation. 

21. The composite cord for reinforcing an 

35 elastomeric article of claim 14 wherein said core has 

a tensile strength of 10 kilograms prior to 
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vulcanization and said reduction in tensile strength at 
temperatures of vulcanization is from 10 kilograms to 
zero or a negligible amount. 

22. A method of making an elastomeric article, 
said elastomeric article comprising a highly stretchable 
radial tiif-e for use as an uninflated spare tire, said 
tire comprising: 

(a) building an axial ly much smaller than normal 
unvulcanized, cylindrically shaped radial tire of highly 
stretchable components of an innerliner, at least one 
carcass ply with reinforcing co]rds, a tread, a pair of 
sidewalls, a pair of beads, and a belt structure comprised 
of at least one belt ply with reinforcing cords; 
15 (b) molding and vulcanizing the tire in a radially 

much smaller than normal configuration with the components 
in an unstretched position where 

(I) the tread is generally cylindrical, 

(II) the sidewalls are each generally U-shaped, 

20 and 

(III) the reinforcing cords of the carcass ply 
and belt structure are highly elongatable; 

(c) each of said cords consisting of a central core 
and a spiral ^-jrapping of at least one inextensible yarn, 

25 said core being sufficiently strong to maintain said 

inextensible yarn in helical relation during the forma- 
tion of the components into an unvulcanized tire; and 

(d) said core being of a material having a 
substantial reduction in tensile strength when subjected 

30 to temperatures of vulcanization of the tire to permit hig 
high elongation of said yarn after the tire is vulczni 
vulcanized. 



35 



23. A method of making an elastomeric article, said 
elastomeric article comprising a highly stretchable radial 
tire for use as an uninflated spare tire, comprising: 

(a) building an axially much smaller than norj^^ 
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iinvulcanized, cylindrically shaped radial tire of highly 
s-tre-tchable components of an innerliner, at least one 
carcass ply with reinforcing cords, a tread, a pair of 
sidewalls, a pair of cable beads, and a belt structure 

5 comprised of at least one belt ply with reinforcing cords; 

(b) 'i-molding and vulcanizing the tire in a radially 
much smaller than normal configuration with the compon- 
ents in an unstretched position where 

(I) the tread is generally cylindrical 
.10 (II) major portions of the sidewalls diverge 

from the tread in the direction away from the centerplane 
of the tire, and 

(ill) the reinforcing cords of the carcass ply 
and belt structure are highly elongatable; 

15 (c) each of said cords consisting of a central 

core and a spiral wrapping of at least one inextensible 
yarn, said core being sufficiently strong to maintain 
said inextensible yarn in helical relation dujring the 
formation of the components into an imvulcanized tire; and 

20 (d) said core being of a material having a substan- 

tial reduction in tensile strength when subjected to 
temperatures of vulcanization of the tire to permit 
high elongation of said yarn after the tire is 
vulcanized, 

25 

24. The method of claim 22 or 23 wherein the belt 
structure consists of two belt plies with said 
reinforcing cords. 

30 25. The method of claim 22 or 23 wherein said 

components include a pair of carcass plies of said 
reinforcing cords. 

26. The composite cord for reinforcing an 
35 elastomeric article said article comprising a tire having 

(a) at least one carcass ply reinforced with cords 
which are radially oriented between beads of the tire; 
(b) a tread an pair of sidewalls surrounding 




wo 80/00069 



PCT/US79/00311 



"23- 

carcass ply and terminating at a pair of annular, 
inextensible beads; 

(c) a belt structure interposed between the tread 
and carcass ply for annular ly reinforcing the tire, the 

5 belt structure comprising a pair of belt plies in super- 

imposed relation, each of the belt plies being reinforced 
by parallel cords disposed at angles greater than 15 
degrees relative to a plane containing the mid- 
circumferential centerline of the tread, the reiiif or cement 

10 cords of the plies extending in different directions from 
said plane; and 

(d) a carcass overlay dispoed between the carcass 
ply and belt structure, the carcass overlay consisting of a 
single ply with opposing marginal edges which extend 

15 laterally beyond the belt structure, the carcass overlay 
being reinforced with parallel cords which are disposed 
at angles in the range of from 0 to 13 degrees relative 
to said plane, the reinforcement cords of said carcass 
overlay being substantially inextensible after the tire 

20 is toroidally shaped, and elongatable in corresponding 
relation to the blow-up ratio of the tire when the car- ' 
cass and attached overlay are cylindrically shaped prior 
to toroidal expansion. 

25 27. The composite cord for reinforcing an 

elastomeric article of claim 26 wherein the cords of 
said carcass overlay each have a high modulus, low 
tensile strength core, and at least one inextensible yarn 
spirally wrapped around the core, when the overlay 

3.0 is laid in the unshaped tire. 

28. The composite cord for reinforcing an 
elastomeric article of claim 26 wherein the cords of 
the carcass overlay and nearest belt ply extend in the 

35 same general direction from said plane. 

29. The composite cord for reinforcing an 
elastomeric article of claim 27 wherein the core of said 

f OMPI 
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cords loses tensile strength when subjected to elevated 
temperatures. 

30. The composite cord for reinforcing an 
elastomeric article of claim 25 wherein the cords of 
said carcass overlay are disposed at angles in the range 
of from 4 to 13 degrees relative to said plane, 

31. The composite cord for reinforcing an 
elastomeric article of claim 30 wherein the cords of 
said carcass overlay are disposed at angles of around 
8 degrees. 

32. The composite cord for reinforcing an 
elastomeric article of claim 26 wherein marginal edges 
of the carcass overlay extend into the sidewalls and 
terminate short of the maximum flex zones of the 
sidewalls. 

33. The composite cord for reinforcing an 
elastomeric article of claim 26 which includes: 

a cushion disposed between the belt structure and 
carcass overlay, the cushion being composed of a separate 
layer of elastomeric material having an elasticity 
which is at least 100 gr/ram^ less than that of elasto- 
meric material of which the carcass overlay and the belt 
ply adjacent said cushion are composed, the elasticity 
being defined at 100 percent elongation of said material. 

34. The composite cord for reinforcing an 
elastomeric article of claim 27 wherein the core of 
said cord is composed of cotton and the spiral wrapping 
is composed of material of the group of rayon, nylon, 
polyester, aramid and metal. 

35- The composite cord for reinforcing an 
elastomeric article of claim 26 wherein the cords of the 
carcass ply are composed of materials of the group of-^TTpl 
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rayon, polyester, glass fibers, aramid, and steel. 

36. The composite cord for reinforcing an e 
elastomeric article of claim 26 wherein the cords of 
said pair of belt plies are composed of materials of 
the group of m^tal, aramid and glass. 

37. The composite cord for reinforcing an elas 
elastomeric article of claim 36 wherein the cords of 
said pair of belt plies are composed of brass-coated 
steel wires. 

38. The composite cord for reinforcing an 
elastomeric article of claim 27 wherein the tire has a 
blow-up ratio in the range from 155-195 percent and the 
cords of said carcass overlay are elongatable of from 
70-90 percent when the overlay is in a cylindrical 
configuration. 

39. A method of making an elastomeric article 
substantially as described herein or as shown in th* 
accompanying drawings. 

40. A composite cord and/or elastomeric article 
substantially as described herein or as shown in the 
accompanying" drawings. 
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